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ocally acting fat depots may contrib-
ute to obesity complications, in
particular vascular disease, through
direct paracrine effects (1,2). The carotid
arteries are encased in fat, and total upper-
bodysubcutaneousfatisestimatedbyneck
circumference (NC). NC has been inde-
pendentlycorrelatedwithcardiometabolic
riskfactorsaboveandbeyondthatofother
adiposity measures (3,4). Carotid wall
intima-media thickness (IMT) is a surro-
gate marker of subclinical atherosclerosis
and has been associated with cardiovascu-
lar and stroke outcomes (5). The aim of
this study was to evaluate the association
of NC and carotid wall IMT above and
beyond traditional cardiovascular risk fac-
tors and generalized adiposity.
Framingham Heart Study offspring
participants who underwent carotid ultra-
sonography and NC measurements were
included (n 5 3,274; mean age 59 years;
52% women); NC, internal carotid artery
(ICA) IMT, and common carotid artery
(CCA) IMT were determined as previously
described (4,5). Linear regression models
evaluated the association between adipos-
ityexposuresandIMT.NC,BMI,andwaist
circumferencewerestandardizedtoamean
of 0 and SD of 1 to make the b-coefﬁcients
comparable per 1-SD increase of each in-
dependent variable. We secondarily ad-
justed for sleep-disordered breathing
from a self-assessment questionnaire. Cox
proportional hazards models were used to
assess thelongitudinalassociation between
adiposity measures and incident stroke.
NC, BMI, and waist were correlated
with IMT (Table 1). In multivariable
models, a 1-SD increase in NC was associ-
atedwitha0.071-mm increaseinICAIMT
(P 5 0.001), which remained signiﬁcant
after BMI adjustment (P , 0.0001). Nei-
ther BMI (P 5 0.64) nor waist (P 5 0.38)
was associated with ICA IMT. The associa-
tion between NC and ICA was similar and
remained signiﬁcant after adjustment for
sleep. Per 1-SD increase in NC, the CCA
was 0.025 mm higher (P , 0.001), which
remained signiﬁcant after BMI adjustment
(P , 0.001). Signiﬁcant but smaller asso-
ciations were observed for BMI and waist,
whichwereattenuateduponadditionalad-
justment for NC. The association between
NC and CCA was slightly attenuated (b 5
0.017,P50.003)butremainedsigniﬁcant
after adjustment for sleep.
NC, BMI, and waist were not associ-
ated with incidentstrokeover 6.1years of
follow-up (n 5 147 events); subgroup
analysis excluding transient ischemic at-
tacks and evaluating the outcomes by
stroke type showed results similar to the
primary analysis (data not shown).
NC, but neither BMI nor waist, was
associated with ICA IMT. CCA IMT is pre-
ferentially associated with NC after adjust-
ment for BMI and waist. Finally, NC, BMI,
andwaistwerenotassociatedwithincident
stroke. Strengths include a well-deﬁned
cohort with comprehensive clinical charac-
terization.Somelimitationswarrantmention.
Evaluation of sleep-disordered breathing
was based on available data; more robust
measures are needed to evaluate this associ-
ation.Thesmallnumberofstrokeeventsand
relatively short follow-up time may have
limited our power. The correlation between
NCandvolumetricevaluationofupper-body
subcutaneous fat has yet to be determined.
This study was hypothesis generating and
not intended to impact clinical practice. NC
is uniquely associated with carotid IMT.
Upper-bodysubcutaneousfatmayhaveadi-
rect pathogenic impact on local vasculature.
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Table 1—Comparison of outcomes based on NC, BMI, and waist circumference among 3,274 participants of the
Framingham Heart Study offspring cohort
NC (cm) BMI (kg/m
2) Waist circumference (cm)
Correlation
coefﬁcient or b P
Correlation
coefﬁcient or b P
Correlation
coefﬁcient or b P
ICA IMT
Age- and sex-adjusted Pearson correlation coefﬁcient 0.12 ,0.001 0.06 ,0.001 0.07 ,0.001
Multivariable-adjusted linear regression b
per 1-SD increase in adiposity measure (SE)
a 0.071 (0.022) 0.001 0.007 (0.015) 0.64 0.013 (0.015) 0.38
CCA IMT
Age- and sex-adjusted Pearson correlation coefﬁcient 0.19 ,0.001 0.14 ,0.001 0.14 ,0.001
Multivariable-adjusted linear regression b
per 1-SD increase in adiposity measure (SE)
a 0.025 (0.003) ,0.0001 0.011 (0.002) ,0.0001 0.011 (0.002) ,0.0001
Incident stroke (n 5 147)
Age- and sex-adjusted HR per 1-SD increase in
adiposity measure (95% CI) 1.25 (0.99–1.58) 0.06 1.08 (0.91–1.27) 0.40 1.13 (0.95–1.34) 0.18
Multivariate-adjusted Cox proportional HR per 1-SD
increase in adiposity measure (95% CI)
b 0.99 (0.77–1.27) 0.94 0.94 (0.79–1.13) 0.52 0.98 (0.82–1.18) 0.84
HR, hazard ratio.
aMultivariable linear regression model adjusted for age, sex, systolic blood pressure, hypertension treatment, diabetes, total cholesterol–to–HDL
cholesterol ratio, and smoking.
bCox proportional HR adjusted for age, sex, systolic blood pressure, hypertension treatment, diabetes, total cholesterol–to–HDL
cholesterol ratio, smoking, prevalent cardiovascular disease, and prevalent atrial ﬁbrillation.
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